For the study of ZnO thin film deposition using a low cost microwave plasma deposition unit, a detailed analysis is required to ensure that sufficient power is delivered to plasma chamber. Hence a power analysis was carried out to observe the power absorbed by different loads when it is heated using a microwave oven. Here the load used is coconut oil, which is one of the most common edible oils. The power absorption characteristics of this load is observed and plotted by varying different parameters like time, volume and magnetron voltage.The same analysis is done with water, so that it can be taken as a reference. The power absorbed by water was higher when it is compared to coconut oil in all cases with different parameters. The results show the comparison of thermal properties and heating characteristics of coconut oil and water when they have undergone microwave radiation.
INTRODUCTION
The microwave plasma deposition method for the preparation of thin film is a chemical deposition method. The only load to the microwave emitter [Magnetron] is the gas that is needed to be ionized. Initially the gas in the plasma chamber is evacuated and very few molecules are left behind the chamber. When microwaves are bombarded on these molecules of air under low pressure they ionize to give a plasma state, suitable for film preparation. Hence substantial power should be delivered to the chamber to keep the gas ionized and help keep up the state. So to ensure that required power is delivered we need to perform a power analysis of the microwave equipment.
The power analysis can be done by the calorimetric analysis of a heating load and then observing the thermal characteristics. The load could be any material commonly subjected to microwave application (like cooking) e.g. edible oil etc. we have taken coconut oil as the load.
The frequency ranges of microwave though not precisely defined the usual values in accordance with the industrial, scientific and medical [ISM] frequency bands for noncommunication purposes we employ 2.45GHz for food applications [1] .
The electrical properties of coconut oils are close to those of conventional insulating fluids. Coconut oil based lubricants offer significant environmental benefits with respect to resource renewability, load toxicity and provide satisfactory performance in the wide array of applications. Coconut oil could be an appropriated response to environmental safety and health problems and could also reduce the exploitation cost of mechanical parts. On the other hand, they are known to possess low thermal, oxidative and hydrolytic stabilities and poor low temperature characteristics [2] .
Like all other typical heating methods, in microwave too the rate of heating is directly proportional to the microwave power, i.e. for a high value of power a higher change from initial temperature is observed.
The study was conducted by following the International Standards set by IEC 705(1988) [3] . This standard gives a relation between microwave power applied and increase of temperature in loads, as Where, P-Microwave power used for heating in watts. 
REQUISITES AND PROCEDURE

Procedure for calorimetric power analysis.
Take V ml of oil in a beaker. Stir it for 20 seconds. Record the initial temperature of the oil using a thermometer, which is calibrated in centigrade. The direct incorporation of thermocouple in measuring the temperature inside the microwave oven"s cavity is avoided as thermocouple induces intense electric fields which cause sparking in the presence of microwave energy. Therefore, it is also not possible to take insitu measurements [6] . Place the beaker containing the oil in the microwave oven at the centre position. Keep the maximum power of microwave oven as 550W. Now switch on the power supply. Adjust the autotransformer to 230V. Switch on the microwave oven. Heat the oil for"t" seconds keeping the required parameter constant. After"t" seconds, the oven is switched off and the final temperature is recorded without any time delay. Take 5 readings for the same to ensure the repeatability of the readings. After each reading, the chamber is given 20 seconds of warm up time. Repeat the process for varying magnetron voltages and volume too by keeping the required parameters constant. 2.2 Procedure to find out M l . 1 . Measure M g , by weighing an empty beaker using a sensitive weighing balance with an accuracy of 0.001g.
2. Weigh the beaker with 100ml of load in it. The current reading gives the value of (M l +M g ).
3. Subtracting the value of M g obtained from step1, from the value of (M l +M g ) obtained from step2 gives the weight of 100ml of the load, i.e.
ANALYSIS AND RESULTS
The average power absorbed by coconut oil for various parameters were calculated. Magnetron input voltage at 230V; 50Hzwas set by the autotransformer. Power absorbed was calculated using the IEC 705 formula. Coconut oil consists of lower chain saturated fatty acids, known as medium chain fatty acids (MCT). Its metabolism is different from that of normal long chain fatty acids. Medium chain tri-glycerides (MCTs) are aclass of lipids in which three saturated fats are bound to a glycerol backbone. MCTs are distinguished from other tri-glycerides in the fact that each fat molecule is between 6 and 12 carbons in length. MCTs have a different pattern of absorption and utilization than long chain tri-glycerides. Vegetable oils have a tendency to form macro crystalline structure at low temperature through uniform stacking of "bend" tri-glycerol backbone. Such macro crystals restrict the easy flow of the system due to loss of kinetic energy of individual molecules during self-stacking. The predominantly saturated fatty acid content of coconut oil compounds the problem further. This is attributed to the medium chain tri-glyceride structure of coconut oil which is different from long chain structure of other vegetable oil. During heating process these chain distance increases, so the power absorbed increases. Thus the coconut oil absorbs more amount of power compared to that of other vegetable oils, without getting decomposed, since it consists of medium chain tri-glycerides [2] .
Power absorbed by coconut oil for
Microwave irradiation increases initial reaction rate, compared to conventional heating. This is due to heat transfer by di-polar rotation and ionic conduction in regular alternating microwave field. The apparent activation energy (E a ) of enzymatic reaction decreases in the microwave field, which is one of the reasons that give an increase in the initial reaction rate [7] .
From the readings, it is estimated that initially the rise in temperature is more when compared with the latter part of experiment. This behavior may be due to the change in dielectric constant. Di-electric properties are functions of both frequency and temperature, and also these properties are heavily influenced by variables such as moisture content, density, etc. as the temperature increases, the moisture content of oil decreases. This accounts for the slower rise in temperature in the final phase of the experiment [6] .
The analysis done so far for coconut oil is repeated for water, which can be used as a reference for the values obtained with coconut oil.
Power absorbed by water for volume (50ml), and magnetron input voltage 230V at varying time periods.
Mass of 50ml of water (M l )-44.024 g Specific heat of water (C pl )-4.187 KJ/kgK [3] From the fig.5 , the comparison graph, the power absorbed by coconut oil is found to be lower compared to that of water. As the time interval increases, a linear relation is observed between the power absorption characteristics of oil and water. The power absorbed by coconut oil is found to be 65%, 54% and 51% for time duration of 60s, 90s, and 120s respectively when compared with water. This linear relation is justified by the fact that as the temperature increases, the moisture content of the oil decreases and this results in the reduction of dielectric constant. This accounts for the reduction in power absorption of the coconut oil as the time duration is increased. As explained above, the same linearization can be observed in this graph. However, the volume of the oil is varied with respect to time. Even though the power absorption characteristics are also affected by the change in volume, the change in di-electric constants is predominant in the temperature range that is considered. Hence the power absorbed decreases [3] .
3.6 Power absorbed with heating load as water (100 ml, 60 seconds) for varying magnetron voltages. Here the input voltage of microwave oven is varied keeping the other parameters constant. The specific heat capacity of coconut oil is lower when compared to water.This can also account for the lower power absorbed by coconut oil compared to that of water.
CONCLUSION
Microwave plasma deposition is found to be very effective, economic and power saving. But the interaction of microwaves is found to be different for different loads and position of the load in oven cavity. Also there exists a difference between rated and absorbed power. Moreover, efficiencies of small quantities of load complicate the prediction of course of heating (time for heating of certain) in certain ovens. Apart from volume, the di-electric constant too has great effect on heating.
A quantitative power analysis is thus necessary before plasma deposition of thin film can be carried out effectively. The power analysis was carried out using coconut oil as heating load and a reference load as water. The efficiency was found to be lower in case of coconut oil when compared to water. The power absorbed by coconut oil lied in the range 70 -140 watts while that of water being 100 -280 watts. Thermal characteristics were plotted for varying load magnetron voltage and period of heating. So with further analysis with different loads, the power delivered by the oven and power absorbed by the load, and hence the efficiency of the microwave oven can be determined. Also we can conclude that vegetable oils can be used as a suitable substituent for mineral oils for lubrication purposes where the lubricant is also required to provide the transfer of heat.
